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ABSTRACT

Using data from the AECA X-ray observatory, we examine the variations in th("

X-ray spectrum of the supermassive star 71Carinae wit.h an unprecedented comt)illatioll

of sl)atial and spectral resolution. We include data taken during the recent X-ray

eclipse in 1997 1998, after recovery fl'om the eclipse, and during and after an X-ray

flare. We show that the eclipse variation in the X-ray speclrum is apparently contined

to a (tecrease in the emission measure of the source. We compare our results with a

simple colliding wind binary mo(lel and find that the observed spectral variations are

only consistent with the binary model if there is significant high-temperature emission

far from the star and/or a. sut)sta.ntial change in the temperature distribution of the

hot plasma. If contamination in tile 2 10 keV band is important, the observed eclipse

sl)ecl.runl requires an absorbing column in excess of 102_1 ('m -:_ for consistency with the

binary model, which may indicate an increase in .171 from *1 Cadnae near the time of

periast.ron pa.ssage. The flare spectra are consistent with the variability seen in nearly

simultaneous RXTE observations and thus conlirm that q Carinae itself is the source

of 1lie flare emission. The variation in the sl)eclrunl during the flare seems confined to

a change in the source emission measure. By COlnparing 2 observations ol>tailmd al the

same phase in different X-ra.y cycles, we find that the current X-ray brightness of t]le

source is slightly higher thall the t)rightness of the source during the last cycle, perhal>s

ht(lica.tive of a long-term increase in 3,.71,,lot associated with the X-ray cycle.

5,'ubj<'<'t headings: 11Carinae, stars: X-rays, stars: binaries

1. Introduction

_1 (larinae is a notorious star which exploded in lS,13 or thereabouts t)ut refuses to go away.

The exl>losion, deemed in the literature lhe "Great Erut>tion", gave the star insla.nt celebrity for
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too brief a periodbeforeit fadedfrompublic view. Nearly 100yearslaterGaviola(1950)showed
thestar lo 1)e surrounded by a peculiar nebula, he called tile "homunculus", which we now know t.o

I)e the eject a from this eruption. Sew_nteen years after that Rodgers and Searle (1967) measured all

immense IR hlminosity; if reprocessed i>hotospheric radiation, t.his enormous brightness indica._e(l

a true slellar monster at the heart of the (]alaxy's "lit, tie man". Subsequent, l)hotomelric sludies

(Van (lenderen et al. 1999; Sterken el al. 1999; Davidson 1999) from ground and from space have

shown episodes of sporadic brightenings and other apparently random variability. Perhaps more

telling are t,he periodic changes in the strength of some excited emission lines (I)amineli 1996).

The process driving these emission-line variations is not known precisely, though recem radical

sugpgestions (l)amineli, Conti and Lopes 1997; Corcoran et a,l. 1998) attribute most of the observe<l

cyclical phenomena to interactions in a binary system. Prior t.o confirming any diagnosis, we need

t,o look a.t t.he X-rays.

Descriptions of 7/ Carinae a.s an X-ray source span only about. 30 years, llill el a.1. (1972)

rel)orted detection of an X-ray source near ?/Car using a large-area proportional counter flown on a

Sa.ndhawk rocket in 1970. Though neither C'oper16cus (Griffiths et al. 197-1) rlor t.lle ,4N,5" (Mewe

et al. 1976) detected any X-ray source near q Car, a source near q (Jar" was detected I)3; .4rill |"

(Seward el. a]. 1976), by HEAO-1 (Nugent el al. 1983; Wood el. al. 1984), by [rhuru (Forman el.

al. 197,_), by EXO,S'AT (Warwick et al. 1988), by OHO-8 (Becker el. al. 1976; Bunner 197X) and

by (;IN(LA (I,:oyama el. al. 1990). An imporla.nt characterisl.ic of these early observations is that

they all ut, ilized collimated, non-ima.ging detect.ors with differing fields of view, spectral l'esponses

and sensitivities. So from these dat.a i! was not a.1. all clear" whether q (:arinae was in facl the

real source of the detected X-ray emission, or if so, whether reported flux differences were a sign

_)["actual source variability. Direct imaging by the EINS'TEI¥ X-ray observatory proved that q

(far was indeed a complicated X-ray source (Seward el al. 1979: (:hlebowski el a.I. 19x.l), while

more recently RO,S'AT (Corcoran et al. 1995) and RXTE observa£ions (lshibashi et al. 1999) have

proved the variat)ilily of the X-ray flux. The I?XTE monitoring observations have provided lhe

most. detailed study of the temporal variability eww obtained; however, the inabilily of I?XTI( to

clearly resolve t,he variable emission from nearby X-ray sources compromises our understaiMing of

lhe changes taking place in the X-ray spectrum, and inrpedes our search for" physical models.

The ,4A'C,I X-ra.y observatory (Tanaka, lnoue, and ttolt. 199,1; Serlemitsos el. al. 1995) is well

suited 1o study a crowded, variat)le, hot, (/_'T ,-, few keV) thermal source like q Car. The A,S'(',I

I_alldl)ass (0.5 10 keV) covers the t)ulk of the observable X-ray emission from q Car; its sl)ectral

resohllion enables precise determinal.ion of plasma temperatures, absorbing columns, emission mea-

sures and line strengths; and its imaging capabilities allow q Car to be easily resolved from all other

sl rong sources in the field. Bearing in mind these advantages we undertook a focussed program of

lnonitoring q Car with A,qC'A on a semi-ammal basis, approximal,ely one observation per observing

window, st.arling in 1996. These ol)servations includes 2 target of opportunity observations of q

(larinae during and immediately after the occurrence of an X-ray flare detected by IL\'TI::, and the

only spatially resolved measurement of the high energy (E > 3 keV) spectrum during the X-ray



eclipse. In !}2 we provide the journal of observations and discuss lhe data extraction. In !i3 wc,

discuss the analysis of tile spectra, while ill §4 we discuss the details of the X-ray spectral analysis

for each observation. In §5 we offer our conclusions arr(I discuss the impact of these dala on the

"'billary hypolhesis" and on possible tlare mechanisnls.

2. Observations

Though the A,S'CA observations consist of relatively few point.ings, they sample mosl of lhe

imporlanl, inlervals in the l] Carillae X-ray lightcurw,. Table 1 lists the A,S'CA sequence idenlili<'al.ioll

number and the ext)osure time for I>oth tire SIS0 and GIS2 delectors. We consider only data from

the SIS() and the GIS2 detectors, since these are the best calibrated detectors aboard :t,g('.4. The

SIS() data are affected by degradation of the CCDs. In addition, lhe observations were generally

el)rained a.t different spacecraft role angles, which caused the SIS chi I) to sa.ml>le different parts of

the (larinae nebula around _1Carinae. This is important, since on some of the SIS observations 1.he

X-ray sou rce Wt{ 25 was also detected, or other parts of the diffuse emission from the (:arin ae nel)u la

were saml)led , which caused difDring amounts of sky background contamination on the chips and so

limited our ability to ensure a consistent correction for local sky background by direct subtraction of

source free regions of the SIS chip. Using a consistent background correction isimportallt in order

i[lat, reliable changes in the speclral parameters (kT', Nil, and emission measure) can be measured.

In this regard the GIS data have the advantage, since the GIS samples a. roughly 1 degree region

around _/Carinae, inaking it. is possible It) use a consistent region for" correction of sky background

for all the (;IS observations, regardless of spacecraft roll angle.

I:ollowing the <la.t,a extraction melhods use¢l previously (Corcoran et a.l. 199N), we derive<l

good X-ray events from the unfiltered processed A,S'CA data t)3, excluding l.imes of SAA passage

and inl.orvals when tile earth elevation angle was less lhan 5 ° for the (llS data and loss thai, 10 °

(2(1° for brig[it earlh) for' the SIS data. \Ve also excluded times of low geomagnetic rigidil.y, and

times when the satellite pointing was more than 0.01 ° from the nominal position of */Carinae. SIS

data were cleaned of events caused by "hot" and "flickering" C( :I) pixels, and lhe (ll_q data were

<:leaned of ca.libralion source events and other background evenls based on rise-time discrimination.

\Ve extracled images from the screened events using the XSI';I:E('.T analysis software provided

and maintained by the High Energy Astrophysics Science Archive t{esearch (_enter at the (;od<lard

Space Flight Center. As the spatial resolution of A.S'CA is only about 1 arcminute, thoextracted

sl)ecll'a fronl 1/ (?arinae will include emission fl'om very nearby sources, in particular ditfuse sky'

i>hol.o]ls and lhe 03 sl.ar I lI)l'; :1()3:108. RO,5'A Tdata show l.hat the diffuse emission near 11Carinae

and Itl)F 303308 are fairly soft (typically /,-T < 0.5 lie\:), so thal this conlaminalion should nol

have much effect elf l.he shape of the spectrum of r/ (:arinae at energies al>ove 2 keV; but lhese

sources will have significanl influence on the softest, ernission below 1 keV.

l:or lhe GIS data a.nalysis, we defined source and background regions directly on the GIS image



.l

for each observation. V_'e chose circular source regions centere([ on _/Carinae of radius _ 3 t (large

enough to include almost all the flux from 11Carinae [)lit small enough to exclude conianlinatinf{

photons from the nearby X-ray source WIt 25). We used background regions with tile same radius as

tho SOlll'CO region, centere(t at al)proximately the same apparently source-free location in th(, (la)'ina

nebula relative to _/(larinae to reduce the chaJme of spurious variability. We extracted SOUl'C(, fIll(]

background st>ectra using l he XSELE(IT software, and before analysis the sour('e spectra were

rel)inned st) that there were a mhfinulnl of 10 counts l)er channel. Prior to fitting tile sl)ectra (using

the XSPE(I analysis package) we created apl)rol)riate effeclive area corrections for each observalion

Io account for variations in the pla<'ement of the source on tile delector.

3. Model Fitting

We modelled the SIS0 and GIS2 spectra of q Carinae using a template based on the besl

[it nmdel pul)lished ill (k)rcoran el. al. (1998). Thai model included a variable al)undanc(, soft

l lwrmal c¢)lnponent (the "vmekaI" mo(lel ill XSPE(' terminology) a l a l elllperalure near 0.5 kt,V.

anti a hard, absorbed l ht, rmal colill)Oilellt with a l enll)erature near 5 keV. We also a ssunmd th('

abundances derived ill Corcoran el a l. (199_) for our modeling. In general (.his will not have much

influence on our modeling of the high-elmrgy spectrum, since l he strong lines observable ill th(' hol

('Olll])()n(_n| all have near-solar a l)undances. The soft lhermal COlllpOllOllt iS primarily produce(l 1)y

an ellil)tical ring of emission at a distance of about ]5" fl'om the star, and thus should nol vary. The

hard comt)onent is thought 1o be dominated by the emission originating wit hin 0.5" of the star, and

is variable (Corcoran et a l. 1995; ]shibashi et a l. 1999). Therefore we first fit the data by allowing

Ill(' spectra] paranleters (//1', 5_1t and emission measure) of the 5-keV source to vary, keeping th(,

spectral i)arameters of the soft component fixed. Generally t,his resulted in adequate fits 1o Ill(' (;IS2

Sl)('('i,ra,. but not I,he SIS0 st)ectra. The va,riat,ions ill t,he soft pan of the SIS spectra are 1)robal)ly a

r('[le('tion of lille degradation of the soft response of the S1S detectors and/or contaminalion by \Vii

2.5. rather than allS: real change in th(, soft emission of around i/ Carinae. Since the soft. and hard

('olll[)ollelllS are 1lOt well resoh,'(,(I by AHCA, any illl(:ertainly ill modeling the soft COlll])Ollenl will

intlu('l)ct' t h(, derived spectral t)aranle(ers (especially Nil) for l he hard compollellt. I)lle Io l]lt'St'

al)l):-irenl.ly instrumenlal effects ill the SIS data, in lilt, following we concentrate our analysis on Ill(,

(;IS (tata.

The model 1)arameters (kT, Nll, the emission measure E._i¢ and the equivalen! wi(Ith of I h(,

fluorescent Fe K line EI¥f.'_, along with tile observed luminosity and the unabsorl)e(I luminosity

in ih(, 2 10 keV band) we derived by fit.t.ing the GIS2 data are given in table 1. The erro)" bars

quoted in the tal)le are 90% fornlal confidence intervals for the paranmters. Since we are mainly

inter(,sted ill relative variations ill the t)arameters, w(, have not. attelnpted to include systematic

u),certainties (as would arise, for example, if our a.ssumed sl)ectral model wa.s incorrect, or if lh(, sky

correction was not a good al)l)roximalion to the cosmic 1)ackground at Ill(' position of 7/ (lari)la(,).

The "(l('convolved" st)eclra are shown in figure I. The data are represe)ll(,d by error I)al's whil(,



thesolid linesshowthesoft.and hardthernlalcomponents.ThesecomponentscrossaJanenergy
near1.5keV,whichmeansthat the emissionbelow1.5keVis dominatedby the soft.componenl,
andthe emissionabove1.5keVis donlinatedby the hardcomponent.The amountof a.bsorpl.km
approl)riaieto the hard componentis d(,terminedmainly by the niagnitudeof the cutoff iil the

hard emission near 1.5 ke\,'. Figure 2 highlights l he Fe-K line region in each of the six spectra. Th(,

variations in the derived spectral paranieters as a function of tithe are shown in figures 3 and ,1.

4. Discussion

4.1. The Eclipse Spectrum and the Binary Star Model

Tile ASCA spectrum obtained on Dec 24 1997 at. the start of the X-ray eclipse provides fairly

stringent constraints on the mechanisni responsible for the 2-10 keV emission, and in princil)le

l)rovides the best available test. of the colliding wind I)iriary niodel. This spectrum shows that the

('ha nge in X-ra.y flux during the eclipse is apparently due to a drop in the emission measure of the

[lard source, and that neither the observed colunin to (lie source (as measured by (.lie tUl'llover ill

the hard emission component near 1.5 keV), the temperatlire of (.lit source (as measured by the

distribution off eniissioll a.t)ove 1.5 keV), nor the continuuln flux above 5 ke\.; show any ineasural)le

increase a.t this thne. According t.o niodels of colliding wind einission ((!soy 1992), the inlrinsic

lunlinosll.y fronl the collidhig wind shock is proportional to tile inverse of tile st.ellax s0paralion.

Thus lli_' intrinsic himhiosil.y of the colliding wind NOllFCe should ilave been ileal" ils nlTIxillllllll i-If

tills t ilne, since this ot)servation should have beeli closest to periastron passage (Damineli. Conti and

I_ol)es 1997). [Iowever, since the line of sight, to the colliding wind source passes l.hrougil t.he win(I

f'roili 11(larillae a.t tills tiuie, the el)served elilissiOli SilOllid ])e significantly attenuated by 17('al'ina.e's

win(I. To test the colliding win(t nio(tel, we tried 1.o fil the eclipse spectruni by increasing lhe flux

of ali([ the a.bsorption to tile hard conlponelit 1.o produce a.n overall reduction in tile observed X-ray

S[)('CI,I'II ill. Following Usov (1992), nea.r lhe time of 1.lie A,S'(D4 low-stale observation, the intril/sic ]2

10 k('V X-ray hlnlinosity should have been Lx _-, 7 × 1():_5ergs s -I (assuming a distanc(, to l/(iarhiae

o(' 7(i00 pc and a.ll eccentricity c _ 0.8 and the stellar alld wind paranlet.ers given in lshil)astii ei al.

19!)!)), or a[)Olll a factor of 8.5 larger l[la.n tim intrinsic hlllliliOSii.y far froili periaslron. \¥e theii

fixed tile intrinsic ]uinillosity of tile iiard ('onlpollent at. "7x 1035 ergs s -I , and tried t.o reproduce t.he

el)served eclipse spectl'lllll by illcrea,silig the al)sort)ing colulllll to tile hard SOlli'ce. 7\s ilillslrate(]

in [igjuro 5, aJ.tenlpl.s 1.o illodel the A,_'(!_,l eclipse spectrilni by varying the absorbing colunin alone

underpredict the observed omission nea.r 7 keV. Thus, if there are no el.her sources of 2 l0 keV

olnissioil within the AS'('A source ext, raction region, tile observed eclipse sl)ectruin is inconsistenl

wilii sinlple colliding wind illOdeis in wtlieli tlie source flux varies a.s 1//) witti no change in inlrinsic

stwct ra] slia.p0.

Another effect, wliich could in t)rincil)le l)roduce the eclipse spectrunl nleasured t)y A,_'(;:t could

I)e a. decrease in t.he lelllperatllre of the colliding wind Sollrce, ell.her l)roduced I)y radiative t)raking



((layley, Owocki, an([ Cranmer 1997) or" strong cooling of the wind near periaslron, or if the win(Is

colli<le at periastron at. speeds which are much lower than the wind terminal velocities. To explore

Ill<, effects of a decrease ill teml>erature of tile colliding wind source, we a.ttempted t.o mo<h'l the

ol>serve<l eclipse sl)ectrunl by assuming that the tenlperature ill tile wind-wind collision shock is

only 0.5 keV a.! periastron. As seen in figure 5, this "cool source" model can provided a.n a<le<luate

description of the emission near 2 keV ill the eclipse speetrunl but underpredicts the amount of

emission at energies above 5 keV. It is possible that a, distributed emission model, consisting o['

hard, heavily absorbed emission plus sorer emission at. a lower column could perhaps be devised

so as to Ill the observed AS('A eclipse spectrum. However, there is no evidence ill any of lhe other

.|,%'('A i/(:a.rinae spectra for any such complicated distribution of emission.

A t.hird possibility is that the wind from 71 Carinae is so thick that none of tile colliding wind

mnission in seen by ASCA. in this ca.se the 2 10 keV emission during the eclipse would necessarily

I)e contamination by another source somewhere within the 3' A,S'(.'A extraction region, and thus

not characteristic of the colliding wind source. _lb further explore this possibility, we assume that

1.he colliding wind source is completely hidden at. tile time of the A,S'CA eclipse spect rum, and <.ha!

all of the 2 10 keV flux seen in the A£'('A eclipse spectrum is contmnination from a faint source

located somewhere beyond tile stellar source. We can then use tile expecied increase ill intrinsic

/,.,. a.l the 1998.0 periastron passage to provide all estimate of tile anlount of absorption nee(ted Io

completely hide 1.he colliding wind source ill l/le 2 l0 keV l)and. If the intrinsic 2 10 ke\; L:,. was

7 × 10 :_r'ergs s -1 near the time of the A£'('A eclipse observation as expected from the colliding win<t

model, then the total column to tile X-ray source would need to be Nit > 3 × 102'1 cm -2 in or(lt, r

t.o completely hide this much luminosity. If the wind from 1/ (Tarinae provides all the absorbing

Jnaterial, and if the wind is spherically symmelric, then tile mass loss rate from _1 (:arinae near

periastron would need to be £I > IO-_M,,, yr -1 if V._, = 500 km s -t and the periaslron separalion

is :l A(; (Damineli, Conti and Lopes 1997). This is more than a. factor of 10 larger than tile generally

accept.ed vahle of l.he mass loss from 77('a.rinae (Davidson 1999). A value of :'_I > 10-2:'_I,., vr -1

could not be charact.eristic of the mass loss ra.te of lhe star a.l other orbital phases away from

periaslron, since if it. were then the expeci.ed X-ray luminosity would be about a factor of 10 larger

than Ill<' oJ)served L,. at, pha.ses outside periastron. Thus, ill the ('oi/lexl. ()f i.|le |)i11;'11"\; model, 1he

.l,S'('_l eclipse spectrum may raise the interesting possibility of a significant increase ill -_'1 near

peria.stron, if the wind from _/ (iarina.e provides all the absorption to the X-ray source. |Iowever,

it" the stellar photosphere or other wind sllrllCl.llres (like the "wind-disk" considered by Ishibashi el

al. 1999) provides signilica.nl obscuration of the X-ray source, then the A,S'('A low-sla.le speclrum

could be matched t)3; a much smaller wind mass loss rate.

4.2. The Fe K fluorescent line

The Fe K fluorescent line is produced by scattering of photons from the stellar source, an(l

so in theory offers another diagnostic about the conditions of the X-ray region associale(I wilh



!he star. As noted ill Coreoran el, a,l. (199g), the equivalent widl,h of the Fe 1( fluorescent line in

i. general related 1,o t,he column density of scatterers by EIY _ 2.3-_:24 keV, where l:'|'l _ is lh(,

equivalent, width of the line in keV and -_r24 the total column density of cold lnal,erial in u,ils of

l02'1 cm -2 (I(allman 1995). Taking the ratio of the Fe line equivalent widths t,o the column (lensilies

of 1he hard component, the ,4£'('A spect.ra suggest that EH_ ,_, .1 - 7N24 for 7/ Carinae outside of

eclipse. As seen in Table 1, during the eclipse the equivalent width of the Fe I( fluorescent line

is al)out a factor of 2 .5 ]a,rger than at any other lime, suggestive of a maximum in numl)er of

scatterers along the line of site a l this time. From Table 1, EW ,-_ 0.5 - 0.8 keV, which suggesl.s

lhal :\'tt > 1024 cm-2. A column so large is consistent with complete absorption of the hard source.

This provides some support for either all increase in mass loss rate near periastron, or the presence

of an additional absorber in l,]te line of sight at. the time of periastron, tlowever, since lhe |:e

fluorescent line is not fully resolved from t.he thern_al line by A£'('A, we regard lhe line analysis as

sUl)l)ortive of an absorpt.ion enhancemenl in December 1997 but not necessarily conelusiw_ proof' of

such a., enhancement a.I that. time.

4.3. The Flare and Post-Flare Spectrum

One of the first, and most surprising discoveries of 1.he HXT'E monitoring of q (?arinae WaR

the discovery of shor|.-l.erlll (days-weeks) variations in the X-ray emission which appeared periodic

(lshibashi el al. 1997; (:orcoran el al. 1907; Ishil)ashi el al. 1999). The origin of l.]lese "flares" was

and in still uncert.ain; since lhe I)(!A offers no spatial resolution, there remained lhe real 1)ossibilily

lhal l.he flares originated in another seren(]ipitous source in the PCA field of view.

Based on the ILYTE lightcurve flare ephemeris l.wo AS('A la.rgel of opporl.unily observal.ions

were scheduled, lhe first near X-ray flare maximum, the second abou! 2 weeks after lhe fla.re maxi-

mum. These A£'('A observal, ions clearly showed t.hal, l;he X-ray flux changed in a manner consisl.enl

wilh coincidenl t?XTE measures, confirmin q Carinae as the flaring source. Our analysis of the

speclra indicates thai the flare phenomena is dominated by a change ill emission measure, with no

measurable change in eilher source teml)era.t.ureor column density. This suggests a. mechanism in

which lhe only change in tile X-ray emitting zone is an increase in density during lhe flare. This

is consistent with models ((:orcoran el. a.1. 1997; Da.vidson, lshil)ashi and (:Ol'coran 19.0,_) in which

the tlares are produced I)3: periodic ejections of shells of mailer from the l)rimary slal', which the,

provide all ill('l'ea,se in density in lille X-ray zone a|, MOllie [orailiOll far frolll |,lie sial'. These models

suggest l.hat Iihe flare period representis either a pulsal.ion period of the star, or a rota.tioll t)eriod if

the wind is azimuthally anisotropie. The existence of flaring by itself does not require tit(, presence

of a I)inary eompa.nion, but. as noted ill lshibashi el. al. (1999), the variations in the period of the

flares following the eclipse are ('ollsist.enl. wil.h the presence of a. companion.



4.4. The 0 ---- 0.2 Spectra

Our A.S'C'A observation 27023000 (February 1999) and the very first A,5'(:,I observation of

/ / (larinae in August 1993 (Tsuboi et. a.l. 1997) were both obtained at. 0 = 0.2 according to the

el)henieris of Damineli, Conli and l,opes (1997). Conll)arison of these spectra t)rovides ill/])orlalll

information about the cycle-to-cycle rel)eatabilil.y of the X-ray emission. We extracled the archived

August 1993 GIS2 spectrunl and coml)ared the 2 spectra. We found that tha! the el)served 2 10-

keV X-ray luminosity in 199:; was .1.7 -I- 0.1 x 1034 erg s -i, while the observed X-ray lunlinoslly

ill |"el)l'llai'v 1999 was about 5.1:1:0.2 x 1()3'1 erg s-l, an illcrease of g.5(/(_. This stiggesls SOl/le

niodest aillOUllt of non-phase-locked variat)ility hi the X-ray elnission. The brightening seen in the

1999 dala could reslllt if these data were obtained dllrillg a,n X-ray flare> bill. lhe RX77'," 2 l0 ke\ ....

X-ray flux for :t:20 days around the latter AS(.'A observa.l.ion (1999 January 20 March 1) shows

110evidence of any tlare activity (in fact the RXTE data StlggesI a steady decline in the X-ray flux

during this interval). Thus l he observed 1)righteifing in the ,4£'('A spectra suggests lhat an overall

hrighteningofthe2 10 keV X-ray flux has occurred, and that this t)rightening is uo! directly lied

to the l)amineli, Conti and l,opes (]997) cycle. The X-ray brightening nlay tie related Io a Iong-

lerni increase in the optical I)rightness of" the star (Van Genderen el a l. ]999) and/or the re('elH

1)Hghtening at (IV, el)ileal and inf'rared wavelengl;hs (Sterken et al. 1999; l)avidson el al. ]999).

While the optical, IR and [T\._ brightening could be produced ill part by a decrease in extinction

t)roduced by luaterial in the homunculus, the X-ray brightening we report is prol)ably nol the result

(if a decrease in circumslellar a hsort)tioli, since at the (relatively) low colunln densily through the

honluncuhis (Nit _ 102i tin-2), <'ircunislellar al)sorl)tion is negligit)le at energies al>ove 2 keV. Oiir

a llalys s suggests lhal tile flux increase is priiliaJ'ily due to an illcrease in the emission lneasure of

the X-ray enlil.t.hig region dllrlllgj lhe interval 1993-1999. Since the emission nleasllre is relaled to

lhe inass loss rate, this iniplies an increase in k:l in the 1993 1999 interval which is llol ti(,d 1o the

X-ray cycle.

5. Conclusions

In this l)aper we present analysis of ASCA spectra of the ext.renlely luminous slar q (:arinae.

These sl)ectra provi(le the best description of the X-ray emission of" the star yet, ot)tained, and sainple

all lhe iinl)ortanl states of the st al"S X-ray variability. While we conlCil'lii the flindanienla] varial)llily

(if' the X-ray emission as first noted by (?or("ora.n el at. (] 995) a.lld later in 1.lie ll/Ol'O detailed Sllldy

of Ishil)ashi et al. (1999), probat)ly the nlos{ important result of this A,5"(:-t lllOllitoring is thai we

(lelecl no direct increase in the colunln density to lhe hol source in any of the el)served Sl)(,clra ,

I)ui (,specially in the spectra ot)lained (lurii_g the eclipse in 1997.9, and thai the 1997.9 si)e('lrulll

(IO('S IIol show all3." increase in emission o111. to energies of 10 keV. This could be iillel'l)l'(,le(t as

(widence that the binary niodel is incorrect; however, we feel that a more likely explanation is

lhal the AS'CA spectra are conta.niinal.ed by, hard emission (kJ" ,-_ 2 keV) rela,tively far fi'onl lhe

sial' (I)ut wilhin or near the hollllilicuhls). Contamination however also implies lhal eithel" lh(,



wind from l? Cavinae is significantly non-spherical, or that there is a substanlial increase in ).'I

from 1/ (!arinae near periastron, hlteresthlgly the vahw of Nit implied by the equivalen! width of

lhe Ve K line fluorescent lille provi(les indirect evidence of all increase ill the absorbing <'oluuln lo

1he hoi source. Finall);, our analysis of the Itare spectra suggests tllal the flare mechanism could

be l_ro<luce<l by i)eriodic ejection of a shell of material (l>resunlably due to an underlying stellar

]mlsalion), and the interaction of this shell with all X-ray emitting region near the star. The :tS(',t

<lala are generally consistent with tile notioIi that _1 (-',arhlae is a bhlary syslenl in which the prinlary

pulsates with l > _ 85 days and in which the orbital period is about 5.52 years, but lhese data also

Sllg;g_esl 1.hat interacl.ioI_s belweell the stellar COlllpOllell|S [llay t)e lllore ]lllporlal]l l hall Olle would

initially assume. The +iSC/I data also suggest that lhe wind from the l)rinlary is structured (or tha!

ntass loss is non-isotropic from the stellar surface) and/or that tile mass loss rate is not ('OllSlalll,

and may experience a significant increase when the system is enters the eclipse (coinci<lenialIy near

l>eriastron passage). Higher spatial and spectral resolution observations of the kind ol>tainable with

('tI+I:VI)RA and XMM, especially during tile low state, will be extremely valuable for deternlining

lhe level of hard X-ray contamination and for clarifying man.v of tile issues raise<l I)y lhe +1£'('+|

spe('l ra.
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Fig. I. X-ray spectraof 71Carinaefromthe AS'CA GIS2 detector, a) TOO observation of July

3 1997 (dataset 110504000)obtained during an X-ray flare; b) TOO observation of July 19 1997

(datasel 11504010); c) observation of [)ecember 24 1997 (datasel 26033000) obtained at the start

of the eclipse; d) observation of July 16 1998 (datasel 26031000), firs! A,_('A observation afler

the end of the eclipse; e) observation of February 8 1999 (dataset 270:23000) obtained near a STIS

ot)serval.ion; and f) observal.ion of,June 14 1999 (dataset :270:2.1000). The cool and he! componelds

and t.he fluorescent. Fe line are shown by thin histogranls, t.he data t)y crosses. The most dramatic

change in the spectrum occurred during the eclipse, while variat>ility in the spectra outside of eclipse

is more subtle.

Fig. 2. X-ray spect, ra of 7/ Carinae from the A,S'C'A GIS2 detector einphasizing tim Fe K-line

region, a) TOO observation of July 3 1997 (data.set 110504000) obtained during an X-ray flare; b)

TOO observation of July 19 1997 (dataset 11504010); c) observation of December 2,1 1997 (data.set

:26033000) obtained at. the start of the eclipse; d) observation of July 16 1998 (dataset :26034000),

first. ASCA observation afl.er the end of the "low state"; e) observation of February 8 1999 (data.set

:270:2300{)) ol)tained near a STIS ol)serva.tion; and 17)ot)servation of June 14 1999 (dalaset 27{}2,10{}{}).

l,'luorescent t,k_ I,2 emission is shown by the thick line l]ear 6.4 keV, while the feature near 6.7 keV is

a thermal line present in the assumed model. Note that. the fluorescent line is alway's weaker than

the lhermal line except for the eclipse observation, at. which time the line st, rengths are reversed.

Fig. 3. Variation of the column density N H to the hard source, alorlg with the variation in

the equivalent width of the Fe 1,2 fluorescent line. The increase in the equivalent, width of the Fe

line at the time of the X-ray eclipse (.11) 2¢150,808.04) suggests an extraordinarily large amount

of al)sorption to the hard source; this can only be reconciled with the drop in NH from direcl

contilluunl fit, t,ing if the continuum is contaminated by hard emission from a, source beyond the

star, though within the ASCA ext, raction region.

l;'i_;, d. Variation of/c7' and L_: of the hard source. No real change is seen in k7', while both the

¢_bserved and absorption-corrected ("int.rinsic") luminosity show minima during the X-ray eclipse.

Fig. 5. Comparison oF the observed eclipse specl.ra and simple colliding wind models a) in which

the luminosily of the colliding wind source is fixed a.t. L_- = 7 × 10 as ergs s -l, and lhe absorption

to the colliding wind source allowed lo increase (dashed line), and b) in which the temt)erature of

the colliding wind source is assumed to be 0.5 keV, with the emission measure of and the columll

Io t.he colliding wind source allowed to vary (dotted line). Neither model alone adequaloly fits the

el)served eclipse spectrum. Tim best fit, to the eclipse spectrum given in Table 1 is shown by the

solid line.
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11504000

Jul 3 1997

I'arameter Units SIS0 GIS2 SIS0

1150401(1

,Jill 19 1997

(;IS2

I)ate _ '1'31) 2 633.18±0.27 633.1,_ :k 0.27 649.40-t-0.27 649..10±0.27

I':xposure s 1.5,149F+04 1.2620E+04 8496 1.2768E+0.1

_: :_ 10 _'2 -2' 11,2 ('Ill ,1.09+0.16 ,1.16=t=0.23 4.31 ±0.34 .1.09+0.30

7) keV 4.77±0.,10 3.79=t=0.31 5.23=t=0.92 d. 12+0.39

l';:ll2 1057 cm -3 9.89:t:0.57 12.09:t:0.89 8.63±0.90 9.60-1-0.89

/:'ll"r,_ eV 76.6 203.0±66.0 [35.(1+76.8 2,_8.0±6_.0

A'AI1 lO57 (:m -3 1.20 t.90+0.30 1.2,1±0.11 1.66±0.20

\/, 1. IO 0.91 0.74 1.09

L, 1033 ergs s -j 90.81+4.86 95.70±7.32 76.61±8.92 82.72±7.30

L_.,,,_,t) 1033 ergs s- 1 128.99 138.68 120.03 118.,11

26033000

l)ec 24 1997

Parameter Units SIS(} GIS2 SIS0

26034000

Ju] 16 1998

(IIS2

I)at¢, 'l'.JI) 808.04 ± 0.65 808.05 ::t: 0.63 1011.06 ± 0.37 1011.06 ± 0.37

l':xl)osu re s 3.0769E+04 5.8591E+04 9269 1.3351 t';+0-1

;\:11,2 1022 cm -2 2.67-t- 1.65 1.17-1-0.80 ,1.80±0.40 5.00+0.52

k'I) keV 10.0-[-5.1 6.63-t-2.94 6.56± 1.51 .1.89±(}.88

I',:AI_ 1057 cm -3 0.195±0.084 0.240-t-0.085 5.17=[=0.54 5.90-1-0.S.I

l:'l I ).> eV 806.0-1-693.0 721.0-t-230.0 162.0-t-87.6 167.0±93.6

t:'31t 1057 cm -:_ 0.692±0.066 0.827±0.12,1 1.20±0.12 1.27±0.21

\ _ 1.04 1.17 1.02 0.92

L,,, 10 :_3 ergs s- t 3.03± 1.1.1 3.62-1-0.88 55.92-t-5.67 53.36-F7.(15

L,. ........ t, 1033 erg_;s s- 1 3.67 d .(13 79.:10 78.91

27023000 27024000

Feb8 1999 .lun 14 1999

I_aralneler [Init.s SIS0 G152 SIS0 (',IS()

I)at(, TJD 121_.74±0.68 1218.75:k0.68 1345.00 ± 0.92 1315.00 ± 0.92

Exposure s 3.8676E+04 5.3746E+04 3.7949E+(}d 5.1 _,131';+OI

NH,2 1()22 cm -2 3.97±0.21 4.02±0.20 3.97±0.22 .1.30±0.35

kT.2 keV 6.59±0.811 5.10±0.42 8.61 ± 1.69 5.-19±0.65

K312 1057 cm-3 4.50±0.24 5.04 :k().28 3.63=1=0.19 ,1.23±(}.41

I,/II'F_ eV 192.0±60.0 209.0±45.0 294.0±74.0 216.0±82.0

I';ll, 1057 cm-3 0.772-t-0.054 1.35±0.09 1.09±0.05 1.57±0.12

\_, 1.08 0.93 1.26 1.25

L_ 1033 ergs s -l 51.40±2.60 50.20±2.68 46.50±2.18 ,13.31+3.91

L.,:,,,_d, 1033 ergs s -I 69.59 69.,12 61.59 60.50

I I)ales given correspond lo lhe midpoint of the observing interval

2T.1[) = JD- 2,450,000


